Abstract: Global population growth and urbanization have posed increasing threats to the ecological environment. In an aging society, high-density living spaces have resulted in intensifying housing concerns for urban senior citizens. Among the rapid urban development, addressing the demands of senior citizens for suitable living environments and enabling senior city dwellers to engage in diversified social interactions are concerns that necessitate public attention. This study introduced the idea of the "vertical farm" to the living environments of senior citizens. By integrating vegetation appreciation and physical labor, vertical farming allows senior citizens to experience joy and a sense of accomplishment. In addition, these farms can change the monotonous and gloomy exteriors of concrete buildings. By conducting in-depth interviews with 12 senior citizens residing in the Happiness Community in Taipei City, by building vertical farms, senior citizens can experience joy and a sense of achievement at the psychological level and communicate with families, friends and neighbors in the community at a social level. At the environmental level, comprehensive ecological communities can be achieved. We explored how promoting vertical farms in a living environment can affect senior citizens at the psychological, social and environmental levels. The results can be used to build vertical farms that accommodate the needs of senior citizen living environments.
Introduction


Among the increasing urbanization of Taiwan, an aging population and the excessive urban development have resulted in high-density living spaces as the population continues to grow, while the area of green or arable land is shrinking. In addition, the food self-sufficiency rate in Taiwan has declined from 53.8% in 1981 to 32% in 2009, raising concerns over food security [1] . Statistics provided by the WHO (World Health Organization) showed that the global senior population has increased from 11% in 2006 to 22% in 2050, exhibiting a doubled growth [2] . Urbanization will accelerate, resulting in an urban population that accounts for three-fifths of the total population in 2030. As the population of seniors grows, the living environments of senior citizens require public attention.
Taipei City has the highest population density among Taiwanese cities. Currently, undergoing the intermediate phase of rapid urbanization, Taipei is experiencing the bottleneck effect with its environmental resources. Therefore, the next round of urban development must adjust Taipei's development according to connotative and intensive measures. Within cities, the conventional farming model is extremely limited in its application, but vertical farms can be a possible alternative. The unique combination of farms and buildings is a breakthrough from the conventional concept that farmland and urban landscapes are antonymous. By introducing productive landscape to cities, we can create innovative green spaces to achieve sustainable urban development in the future. This study investigated senior citizens' opinions of vertical farms, with research objectives as follows:  to identify the psychological, social and environmental effects that vertical farms have on senior citizens;
 to construct a vertical farm model that addresses the needs of senior citizens.
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With the recent development of urban planning in Taiwan, the area of usable urban land is shrinking, with buildings and roads occupying two-thirds of urban land. Land that can be used for urban afforestation is extremely limited. Therefore, vertical planting, which involves using space in the air, will be a crucial approach for developing urban greenification in Taiwan [3] . Furthermore, sustainability, food safety and concerns resulting from an aging society are vital considerations for achieving future social development. This study explored the relationship between vertical farms and the living environments of senior citizens.
Vertical Farm Development and Relevant Concerns
The concept of the vertical farm was first proposed by Despommier [4] . Despommier developed the idea to address the concerns of global food security and the ecological environment. The production model of vertical farms was devised to offer a novel and effective approach for achieving food security and sustainable development. Vertical farming, also called three-dimensional farming, involves cultivating fields on the rooftop or facades of multistory buildings. Fully utilizing the recyclable energy in manmade multistory buildings and greenhouse technology to simulate a natural environment for crop growth can achieve efficient agricultural production.
The benefits of promoting vertical farms are: (1) land can be utilized fully by creating farms in overhead spaces; (2) by integrating environmentally friendly technologies, such as the rainwater collection systems and reclaimed water systems, vertical farms allow the waste generated during production processes to be converted to clean energy or purified sewage; (3) concrete city buildings can be transformed into green spaces; (4) the microclimate within cities can be regulated to protect the larger ecological environment, ultimately contributing to energy conservation and a reduction in carbon emissions; (5) the amount of recreational space can be increased to address residents' leisure needs; and (6) vertical farms can create employment opportunities within cities, enabling farmers that reside in cities to engage in the industry with which they are most familiar and to contribute to city development. Unemployment and crime rates can also be minimized [5] . The potential of vertical farms is not limited to offering solutions for sustainable development, landscape beautification and food safety. Li [6] indicated that three-dimensional greenification involves more than visual design: it is a sum of auditory, tactile and olfactory design. For example, structures and layout can be optimized to block noise propagation and aromatic plants can release fragrances to improve the environment. Vertical farm is able to purify the air, as the photosynthesis of the plants, thus, the inorganic matter is transferred into organic matter. Additionally, respiration decomposes the product from photosynthesis and results into energy providing to the plants. That is, the roles of photosynthesis and respiration are both meaningful. Furthermore, the vegetable will have less residue of nitrate after photosynthesis.
Despommier [7] argued that creating job opportunities is an expected benefit of promoting Therefore, vertical farming is an ideal solution that addresses concerns about agriculture and urban development.
Aging Societies and Living Environments
Population aging is one of the three main global issues (i.e., global warming, terrorism, and aging society) of the 21st century. Population aging refers to the phenomenon and process where the relative proportion of the elderly population within the total population of a country or a region continues to increase throughout a particular period of time [9] .
Statistics provided by the World Health Organization
show that the global population of elderly people will have been doubled by 2050 and that the urban population will account for three-fifths of the total population by 2030, expected to double within the next two decades. As the elderly population increases, relevant concerns necessitate urgent attention [10] .
Hwang and Lee [11] indicated that the majority of senior citizens prefer to grow old in their own homes because they are happy with current living conditions and are willing to pay for additional services provided for senior citizens. Therefore, assisting senior citizens to successfully age in their residential communities in which they are familiar is a focus for public attention.
Menec [12] divided the daily activities in which senior citizens participate into three categories: social-active, solitary-active and productive-active activities. Menec observed that participating in productive-active activities has a positive effect on successful aging. These include productive behavior, such as gardening and housework, where concrete gains can be obtained by engaging in these activities. They also include social activities that enable people to establish interpersonal social values and maintain interpersonal relationships. This category consists of voluntary services and paid work. Warburton et al. [13] conducted a study on how senior citizens in Australia participated in productive-active voluntary services and found that, mentally and physically healthy, senior citizens can substantially contribute to their families and to society. In addition, various types of productive-active activities have positive effects on the successful aging of senior citizens. We hope that productive-active activities can be implemented on a larger scale in the future to create living environments that are beneficial for successful aging.
In summary, vertical farming is a unique form of farming that integrates agriculture and buildings. As a breakthrough from the conventional idea that farmland and urban landscapes are antonymous, vertical farming introduces productive landscapes into cities, offering innovative green spaces to achieve sustainable urban development. Introducing the idea of vertical farming, which uses land entirely, to the living environments of senior citizens can combine urban landscapes with production and thereby create green and health-friendly living spaces. In addition, we developed an innovative senior citizen-friendly community model that is based on vertical farms. By incorporating the novel ideas of the urban nursing home and the vertical farm, the flexibility of the model restructured the relationships among senior citizens, their children, community-based nursing homes and volunteers. Therefore, the connections that senior citizens have with society and their families can be reinforced, and green and healthy living space can be created. Furthermore, by engaging in daily farming activities, senior citizens can regain their social identities, which enable them to adopt an active approach to living while coping with problems that arise from aging. This study investigated the psychological, social and environmental effects that vertical farming has on senior citizens.
Research Participants and Methods
Research Scope and Subjects
Located in the Shilin District of Taipei City, the Happiness Community is a quiet and peaceful community characterized by townhouses with a history of approximately 50 years. In October 2010, one of the residents began to plant passion fruit on the facade of the house-the first vertical farm in the neighborhood. In the following year, the use of air conditioning declined and this area was fully decorated with plants. The other residents in the neighborhood began to follow this resident's example after seeing the benefits of the greenification effort and the number of families in the community with vertical farms increased from 1 to 11: it has transformed from a conventional community into a low-carbon green community. Thus, the greening area of single house with vertical farm increases to 30% from 0. In addition, the greening area of Lanes 9 and 11 in Happiness Community increases to 22% from 0 ( Fig. 1) . Because of this previous experience, the residents were familiar with the research participants of this study.
Research Methods
This study chose senior citizens residing in the Happiness Community in the Shilin District in Taipei City as research participants. We conducted semistructured interviews with the senior residents to understand their perceptions regarding the effects that vertical farms have on their living environment. A total of 12 participants received interviews and the demographic data are shown in Table 1 .
Discussions
By conducting interviews, we identified the psychological, social and environmental effects that the integration of the living environment and vertical farming has on senior citizens. The results are described in the following sections.
Psychological Effect That Vertical Farming Has on Senior Citizens
"Being Able to Eat Vegetables Grown by Myself Yields a Sense of Achievement"
Participant A4: "Although the vegetables I grow do Vertical farming can beautify a community environment, purify the air and allow senior citizens to have psychological support. Living with the vegetables and fruits they grow, people feel a sense of companionship from the plants. At a psychological level, these people can experience a sense of achievement, joy and self-identity. These feelings can enhance the quality of life for senior citizens throughout the aging process. Elderly people often exhibit physiological degeneration and difficulties with mobility. Therefore, vertical farms should be established at a height that permits convenient daily maintenance and that yields vegetables and fruits at a reachable height. Preferably, elderly people should not need to bend their backs or climb to reach the plants. In addition, the plants should be grown in a position that can ensure sufficient but not excessive exposure to sunlight. Furthermore, structural safety must be considered so that the plants can withstand typhoons and earthquakes.
Social Effect That Vertical Farming Has on Senior Citizens
In Happiness Community (Figs. 2-4) , all of the buildings are all townhouses. The bearing of this construction is mainly provided by beam, column and structural system. The bearing value can be classified into static loading, moving load inclusive of users, partition wall and the bearing value from the other movable property. Meanwhile, structure system should also bear lateral force resulted from wind force or seismic force. In this case, it is able to meet the request of building technical regulations. The verti already con decoration in
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Vertical f and also em The facades Artificial rainwater collection and storage should be implemented and the collected rainwater can be used for irrigation in vertical farms. Thus, energy waste can be prevented and eco-friendly communities can be achieved.
Residents indicated the following disadvantages of vertical farms: (1) vertical farms with uniformly potted plants are boring; and (2) maintaining a vertical farm at home can result in an increase of mosquitoes and bugs. We recommend that aesthetic planting troughs that integrate landscape design can be installed. In addition, mixing plants that are natural mosquito repellents, such as mint grass, wormwood, rosemary and garlic, with vegetables and fruits, can alleviate an increase in mosquitoes.
Promoting vertical farming in cities enables residents to stay in close contact with nature. In addition, being able to eat the vegetables you grow yields a sense of achievement. Vertical farms can be used as a green communication platform for senior citizens to communicate with their families and other community members. Furthermore, children can begin to learn about plants from a young age and cherish the benefits of being surrounded by nature. We recommend creating comprehensive ecological communities by establishing vertical farms in houses within a community progressively.
